Virgin coconut meal (VCM) was used for the development of ready-to-eat Indian traditional sweet meat commonly known as "ladoo" both with and without sorbic acid (0.3%). 
Introduction
The top three countries that are in leading position in production of coconut are Indonesia, Philippines and India. In India coconut is cultivated in an area of about 1.78 million hectares. According to FAO 2004 production data the world annual coconut production was 53.00 million tonnes which yielded about 1.80 million tonnes of coconut meal. India's coconut meal production was 0.28 million tonnes which was about 15.4 per cent of world production [1] .
Virgin coconut oil (VCO) is the recently emerging highly demanded product in the world and various types of cold and hot presses are used for the extraction of VCO from the fresh coconut kernel at low temperature. The whitish residue remained after extracting coconut oil can be milled to flour named as virgin coconut meal (VCM) [2] . As a source of dietary fiber coconut meal provides a number of health benefits in relation to coronary heart diseases, colon cancer and diabetes [3, 4] . It has also been reported that consumption of high fiber coconut meal products increases fecal bulk and lowered the serum cholesterol [5, 6] . In India from long time people always prefer traditional sweets not only on festi-val season but also during common days. The unity in diversity is also comes out in our sweet meat products so it's difficult to predict the origin of any sweet items. Coconut based ladoo is a highly popular Indian sweet and is a rich source of fiber and protein. It is prepared from desiccated coconut powder, sugar or jaggery, wheat flour and hydrogenated fat after adding dry fruits such as cashew nuts, almonds and flavoring substances like cardamom. Because of its moisture content (12% -15%) and its non acidic nature, spoilage in ladoo is mostly caused by growth of surface yeast and molds, often accompanied by fermentive and acidic odours. Due to their high susceptibility to microbial spoilage, coconut ladoo have very short shelf life. At present coconut ladoo are generally prepared by small scale confectioners and sold loose without any protective packaging. Although some work-Meat Using Response Surface Methodology j XX ers have tried to extend the shelf life of desiccated coconut powder based traditional Indian sweet products viz. Holige, Modaka, Burfi [7] [8] [9] , no data is available on the composition, method of preparation and packaging requirements of virgin coconut meal (VCM) based ladoo. Since the spoilage in them is largely due to yeasts and molds, studies were undertaken to extend their shelf life under ambient temperature condition (15˚C -34˚C) by incorporating sorbic acid, an effective antimycotic agent.
Materials and Methods

Raw Materials
All the raw materials for making ladoo, which includes whole wheat flour, hydrogenated fat, powdered sugar, cashew nut and desiccated coconut powder were procured from local market, VCM was obtained from Central Plantation Crops Research Institute (CPCRI), Kasaragod, Kerala, India. Analytical grade potassium sorbate was obtained from M/s Loba Chemie Co. Mumbai, India.
Preparation of VCM Ladoo
For the preparation of 2 kg lot of VCM ladoo, 80 g whole wheat flour was roasted with 100 g vanaspati (hydrogenated fat) in an aluminum pan with continuous mixing. The final temperature of the roasts were allowed to rise up to 140˚C -150˚C and desiccated coconut powder (120 g) and virgin coconut meal (230 g) were added and mixed thoroughly. The mixture was again heated till the temperature reached 130˚C and than allowed to cool to 90˚C and mixed with powdered sugar (320 g), fried cashew nut (20 g) and water (130 ml). This mixture was divided into two lots. Potassium sorbate (0.4%) was added to one lot. Both the mixtures were again heated separately till the temperature reached 95˚C -98˚C. 25 g of this mixture was given round shape by rotating and pressing between palms. One hundred gram samples (4 pieces) were packed in polypropylene (PP, 75 µ) and metallised polyester (MP, 75 µ) and heat sealed. The samples were stored under ambient temperature (15˚C -34˚C) conditions.
Experimental Design and Optimization
Response Surface Methodology (RSM) has been applied for designing and optimization of the experiment following the Central Composite Rota table Design (CCRD). The software used for experimental design and for optimization of ingredients was Design Expert software (Version 8.0.2, Stat ease, Minneapolis, MN, USA).The three coded independent variables i.e. meal (20% -28%), sugar (27% -37%) and water (7% -17%) at 5 levels were mentioned in Table 1 . The five sensory responses i.e. colour, aroma, taste, texture and overall acceptability were investigated by 20 semi-trained panellists using 9 point hedonic scale. The data obtained were regressed using multiple regression technique and subsequently, polynomial quadratic regression equations were generated for describing the effect of variables on responses as follows:
Response surface plots were generated for describing the effect of variables on responses. Optimization was carried out for the ingredients using same software and keeping the variables in the same range as given in Table  1 and maximizing the response values for sensory attributes.
Sensory Analysis
The sensory attributes of the developed VCM ladoo were evaluated in terms of colour, aroma, taste, texture and overall acceptability by a 20 semi-trained panelists on a nine-point hedonic scale with 9 as excellent in all respect and 1 for unacceptable samples [10] .
Analyses of Ladoo Samples
Initially and at a regular interval of 1 month, ladoo samples were analyzed for moisture, protein, fat, total ash, sugar and crude fibre contents using Association of official Analytical Chemists methods [11] . Changes in VCM ladoo during storage were monitored by determining peroxide value (PV) and free fatty acid (FFA) as per American Oil Chemist's Society methods [11] , while thiobarbituric acid value (TBA) and sorbic acid contents were estimated by the method of Tarladgis et al. 1960 [12] and Thakur et al. 1990 [13] respectively. Fatty acid composition of extracted fat from VCM ladoo was determined by standard AOCS 1990 methods [11] using gas liquid chromatography (Model HR 1000, Chemito, Chennai, India) with 10% diethylene glycol succinate (DEGS) column. Mineral composition of VCM ladoo [14] . Microbial profile of the VCM ladoo samples were determined using the Petri plate method as described by the American Public Health Association (APHA, 1992) [15] for standard plate count (SPC) on plate count agar, coli form count on violet red bile agar, fecal coli form on Escherichia coli agar and yeast and mold counts on potato dextrose agar. Presence of pathogens viz. coli form, salmonella and staphylococcus aureus was also determined [15] .
Statistical Analysis
The data analysis, for Duncan multiple comparisons were done using STATISTICA stat software release 8.0 package.
Results and Discussion
Sensory evaluation of large number of batches of VCM ladoo prepared from whole wheat flour (WWF), VCM and desiccated coconut powder (DCP) roasted at temperatures ranging from 140˚C to 150˚C indicated 145˚C to be the most optimum. In the present study, powdered sugar was directly added to hydrogenate fat-WWF-VCM-DCP mixture as this considerably simplified the up scaling of process. In wet mix process involving sugar syrup, intensive mixing was necessary at elevated temperature and this posed considerable difficulties in the up scaling operations.
The recipe for standardized VCM ladoo was VCM (23%), desiccated coconut powder (12%), whole wheat flour (8%), sugar (32%), hydrogenated fat (10%), fried cashew nut (2%) and water (13%). The details of the process conditions optimized for VCM ladoo preparation have been given flow sheet (Figure 1) .
The levels of different variables were optimized using RSM. RSM is one of the quite effective in optimizing the ingredient levels in products. Basically RSM helps to create a product using regression equation that describes inter-relations between input parameters and product properties [16] . Earlier some worker has used RSM for optimizing the ingredients in upma mix, a traditional soury product [17] and groundnut burfi [18] . The experiment design, coefficients of polynomial regression model and sum of squares for various responses were given in Tables 1, 2 be higher than 85% for all the responses which indicate fitness of polynomial models used for describing the effect of independent variables on the responses studied. The three variables affected the taste and overall acceptability values significantly (p ≤ 0.05) at linear and interactive level, while significant affect on color and texture was observed at p ≤ 0.001. Whereas, in the case of aroma significant affect was observed at linear (p ≤ 0.01) and interactive (p ≤ 0.001) levels. meal and sugar both have negative effect on color, aroma and overall acceptability of VCM ladoo while water has positive effect on all the responses. The effect of different independent variables on sensory responses could be predicted by following equations: The effect of meal and sugar (Figure 2) showed that the OAA was increased with the increased in concentration of meal and sugar up to a certain level and then declined. The effects of water and sugar as well as water and meal level, also followed a similar trend (Figures 3  and 4) .
The optimized conditions for independent variables were obtained at 23% for meal, 32% for sugar and 13% for water. The predicted and actual values of responses at optimized conditions showed good correlation. The optimized VCM ladoo had 12.26% moisture, 30.34% fat, 5.23% protein, 33.1% total sugar, and 5.26% crude fibre, 0.69% total ash providing 481.62 Kcal 100 g −1 of energy. The fatty acid profile of the fat extracted from VCM ladoo and mineral composition are given in Table 4 . Lauric acid (35.08%) was the major fatty acid present followed by palmitic (21.76%), oleic acid (19.45%). The concentration of potassium (467.68 mg 100 g −1 ) in VCM ladoo was high and this may be attributed to a high level of potassium in coconut meal [19] .
VCM ladoo prepared without incorporating potassium sorbate developed mold growth and fermented odour within 20 days of storage in both the packaging materials. Total yeasts, mold and bacterial counts increased considerably (> 10 4 cfu·g
) and further storage was discontinued. However, ladoo samples incorporated with potassium sorbate did not support mold growth and fer-Meat Using Response Surface Methodology mented odour and remained stable and acceptable up to 3 and 4 months in PP and MP films, respectively. Earlier, Satyanarayan Rao et al. [7, 8] also attempted to enhance the shelf life of coconut based traditional Indian sweet meats such as Holige (sweet stuffed chapatti), Modaka and burfi by incorporating 0.2% sorbic acid and packing them in PP (75 µ) and paper (42GSM)-aluminium foil (0.02 mm)-polyethylene (37.5 µ) laminate pouches (PFP) up to 6 months at ambient temperatures. Gupta et al. 2010 attempted in-pack heat processing for extending the shelf life of coconut burfi in flexible pouches of multilayer film up to 75 days at 27˚C [9] .
The data on microbiological profile of the VCM ladoo samples shown that the yeast and mold counts in sorbic acid treated samples were less than 20 cfu·g −1 during the storage. SPCs in sorbic acid treated samples were also less than 150 cfu·g −1 and no coli form and fecal coli form were found in the stored ladoo samples up to 120 days.
The pathogens viz. E. coli, S. aureus and salmonella were also absent in all the stored samples. Table 5 shows the physico-chemical changes for sorbate added VCM ladoo packed in different packaging materials and stored under ambient temperature conditions. As can be seen, moisture in PP packed samples decreased considerably whereas in MP packed samples, there was negligible loss.
Due to this excessive moisture loss, samples packed in PP films became hard. Relatively, higher losses in moisture in ladoos packed in PP films are expected due to their high water vapour transmission rates (10.8/m 2 /24 h/37˚C/95% RH). The changes in free fatty acids ( In packed products, the rate of lipid autoxidation is mainly governed by the oxygen retention in the pack, which in turn is related to the headspace and oxygen permeability of the packaging material. The oxygen permeability of PP being higher than of MP film resulted in greater increase in peroxide and TBA values in sample packed in PP, as expected.
Changes in color, taste, aroma, texture and overall acceptability of VCM ladoo samples stored at ambient temperatures in PP and MP films are given in Table 5 . Initially, VCM ladoo had an overall acceptability score of 8.17 on a 9-point hedonic scale and therefore a score of 7.0 was taken as limit of shelf life in storage experiments.
Based on this criterion, the VCM ladoo remained acceptable for 3 and 4 months under ambient temperature conditions when packed in PP and MP respectively. The concentration of sorbic acid gradually decreased during storage of VCM ladoo ( Table 6 ).
The losses were higher for PP packed sample (30.76%) as compared with those for MP-packed one (17.48%) after 4 months of storage. The rate of autoxidative degradation of sorbic acid in VCM ladoo was considerably lower than that reported in fruit squash, fish paste and aqueous solutions (Arya, 1980; Vidyasagar and Arya, 1984) . A number of factors, like higher sugar level (33%), high pH (6.81) and solid matrix, may be responsible for the lower degradation of sorbic acid in VCM ladoo.
Conclusions
Since no rancid odors became perceptible during storage of VCM ladoo up to 4 months under ambient temperature conditions, the autoxidation of lipids does not seem to be the main factor in determining its shelf life. Besides microbiological spoilage, hardening of texture seemed to exert greater influence on the sensory acceptance of the VCM ladoo. Therefore, packaging materials having intermediate water vapour transmission rates, low oxygen permeability would be more desirable in combination with antimycotic agents for ensuring maximum shelf life of the product.
